The methylenetetrahydrofolate reductase (MTHFR) gene plays a key role in carcinogenesis through its effects on DNA synthesis and methylation and also has a significant role in the etiology of many disorders, such as diabetes, migraine, and cardiovascular disease. Neurofibromatoses (NF) are autosomal dominant inherited diseases that can affect tissues such as bone and skin and predispose individuals to tumor development in various parts of the nervous system or body. Optic nerve glioma and brain tumors are common in children with NF, and leukemia and lymphoma incidence is also higher than normal. We therefore aimed to investigate the possible relationship between the MTHFR gene polymorphism and accompanying tumors such as neurofibroma, hamartoma, and optic glioma in children with NF1 found to have the MTHFR 677 and MTHFR 1298 gene polymorphism in this study. We included 55 pediatric patients diagnosed with NF1 between 2005 and 2014 in the study group. The control group included 44 healthy subjects without acute or chronic disease findings. A significant relationship was found between the MTHFR A1298C polymorphism and the incidence of optic glioma (p=0.014) (AA vs. AC: OR 11, 95% CI 1.27-95.17; AA vs. CC: OR 7.33, 95% CI 0.35-150.70). We also found a significant relationship between the MTHFR C1298C polymorphism and the incidence of hamartoma (p=0.019) (AA vs. AC: OR 2.12, 95% CI 0.662-6.809; p=0.203). Epilepsy incidence was high in subjects with MTHFR C677C. The MTHFR A1298C, C1298C, and C677C gene polymorphisms can be associated with a higher optic glioma, hamartoma, and epilepsy incidence, respectively, in patients diagnosed with neurofibromatosis type 1.
Folate plays an important role in DNA synthesis and methylation, and its deficiency leads to disruption of the DNA repair mechanism. The key enzyme that controls folate and methionine, which are important in DNA methylation and folic acid, homocysteine, and nucleotide synthesis, is 5,10-methylenetetrahydrofolate reductase (MTHFR). MTHFR catalyzes the conversion of methylenetetrahydrofolate to tetrahydrofolate, and its gene is located in 1p36.3 1,2 . Disorders in folate metabolism are known to cause DNA chain breaks, chromosomal translocations, deletions and to damage DNA replication. They also increase the risk for cancer by causing hypomethylation of DNA and activation of proto-oncogenes. It is therefore thought that polymorphisms in the MTHFR gene cause a decrease in MTHFR enzyme activity and possibly cause a genetic predisposition to various cancers by affecting the regulation of folate metabolism [3] [4] [5] [6] [7] . MTHFR has several variants, and the polymorphisms most commonly affecting enzyme activity have been reported as 677 C>T, 1298 A>C, 1059 T>C, 1317 T>C, and 1793 G>A. The two common polymorphisms of MTHFR C677 and A1298C are reported to be associated with cerebrovascular diseases, venous thrombosis, neural tube defects, diabetes, cancer, and migraine. Genetic defects as a result of MTHFR gene polymorphism can adversely affect the development of the central nervous system and cause a predisposition to central nervous system tumors [8] [9] [10] [11] [12] [13] . The incidence of brain tumors is also increased in NF1 patients; therefore, in this study, we investigated the relationship between the accompanying tumors in NF1 patients and the MTHFR gene analysis results.
Material and Methods
We included 55 pediatric patients diagnosed with Neurofibromatosis type 1 and followed regularly by oncology, neurology, dermatology and ophthalmology between 2005 and 2014 in the study group. The physical examination and imaging results of the patients at presentation and follow-up were recorded. Family history, the number and size of cafe-au-lait spots, Lisch nodules, neurofibromas, axillary and inguinal freckling, MR results (hamartoma and optic glioma), and the presence of epilepsy or an additional anomaly were considered. We evaluated the relationship of the clinical spectrum of the disease with the results of the MTHFR gene analysis of the patients at the time of diagnosis. Clinical findings of NF1 patients with hamartoma and optic glioma have been presented in separate Table I and II. The genomic DNA of the patients was isolated from peripheral blood. The QIAamp DNA Blood Mini Kit (Qiagen Inc.) was used for this procedure and the samples were kept at -20°C until the PCR stage. The PCR and minisequencing primary and probes were designed for MTHFR gene polymorphisms. Following the mini-sequencing reaction, fluoresceinlabeled products were analyzed using the ABI 3130 Genetic Analyzer (Applied Biosystems) and fragment analysis program GeneMapper 4.0 software (Applied Biosystems Co. Ltd., USA). The 677 and 1298 gene polymorphisms were investigated during the MTHFR gene analysis. This study was approved by the Ethics Committee.
Statistical analysis
The SPSS for Windows 15 software program was used for data analysis. Descriptive statistics were shown as number of cases and percentages. Nominal variables were evaluated with the Pearson Chi-Square or Fisher's exact test. Odds ratio and the related confidence intervals were calculated for significant variables. The Hardy-Weinberg inequality principle was used to determine whether the allele incidence was balanced in the population. Results at p<0.05 were accepted as statistically significant.
Results
The median age of the 55 Neurofibromatosis type 1 patients included in the study was 7.5 years (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , and the median followup duration was 6 years (2-9). The control group included healthy subjects without acute or chronic disease findings (n=44) and had similar demographic features with NF1 patients. In the control group, the following incidences were present: CC677 (52.3%; n=23), CT677 (38.6%; n=17), TT677 (9.1%; n=4), AA1298 (47.7%; n=21), AC 1298 (45.5%; n=20), and CC1298 (6.8%; n=3). In the neurofibromatosis group, the following incidences were present: AA1298 (43.6%; n=24), AC (49.1%; n=27), CC (7.3%; n=4), CC677 (41.8%; n=23), CT (49.1%; n=27), and TT (9.1%; n=5). There was no patient homozygous for both gene polymorphisms. There were 11 compound heterozygote NF1 patients. Both the MTHFR 677 and MTHFR 1298 genes were normal in 5 NF patients. A family history of Neurofibromatosis type 1 was present in 38 (70.4%) patients. A Lisch nodule was present in 23 cases (42.5%) and freckling in 26 cases (48.1%). Clinical features of epilepsy (9.2%) were present in 5 cases. Four of 5 epilepsy patients had hamartoma and only one epilepsy patient had optic glioma. Optic glioma was found in 11 (18.5%) patients and hamartoma in 24 (44.4%) patients. Five of 55 patients had both hamartoma and optic glioma. Median follow-up time was 5 (2-7) years for hamartoma patients and 3 (1-6) years for optic glioma patients with NF1. Three of 11 optic glioma patients had chemotherapy because of progressive disease. In one patient with progressive disease, we added imatinib treatment besides routine chemotherapy drugs 19 . Some studies also suggest that a mutation in the MTHFR 1298 gene may play a role in the etiology of adult gastric and ovarian cancers 20, 21 . We similarly found an association between the incidence of hamartoma and optic glioma incidence and the MTHFR 1298 gene mutation in our study.
Conflicting results have been reported from studies on the relationship between MTHFR 677 polymorphism and cancer. The effects of the MTHFR 677 genotype on global DNA methylation and DNA synthesis can act to decrease or increase the cancer risk. Gastric and esophagus cancer risk has been reported to increase 22 whereas colorectal cancer, lung cancer and leukemia risk has been reported to decrease with the MTHFR 677 polymorphism [23] [24] [25] . The effect of the MTHFR C677T polymorphism on brain tumors remains poorly understood. Izmirli et al. 8 showed that the incidence of the 677 TT genotype has been found to be higher than normal in 74 high-grade glioma cases. Xu et al. 26 reported MTHFR C677T genotype carriers were more susceptible to meningioma when compared with the CC genotype carriers. It was emphasized that MTHFR C677T variant is a risk factor for survival in adult glioblastoma multiforme patients 27 . Hovewer, the effect of MTHFR C677T polymorphism on risk of gliomas is still uncertain. The evidence from meta-analysis of Lu et al. 28 supports that there is no association between MTHFR 677C>T polymorphism and risk of gliomas. It is not possible to fully explain the contrasting findings in different types of cancer. Decreased MTHFR activity is said to be associated with lifetime exposure to global DNA hypomethylation. Global DNA hypomethylation is observed in early stages of tumor development and leads to cancer. This becomes important in tissues with significant DNA synthesis such as the colon, rectum, epithelium, and bone marrow as it is dominant to hypomethylation [29] [30] [31] [32] [33] [34] . When the MTHFR 677 mutation was investigated as a second gene polymorphism, we noticed a significantly increased epilepsy incidence rather than cancer incidence in patients (n=5) with MTHFR 677 CC. 
